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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing 
titanium by which metallic titanium having high purity can be 
obtained directly from a titanium compound containing titanium 



oxide and processes can easily be made into a continuous process. 
SOLUTION: The titanium compound containing titanium halide or 
titanium oxide is used as the raw material, and the titanium 
compound is reduced to produce titanium. At this time, in an 
electrolytic vessel 10 having an electrolytic bath 11 containing the 
molten salt of active metal, the molten salt is electrolyzed to 
produce a reducing agent 16 consisting of the active metal or 
active metal alloy. The titanium compound 18 dipped into the 
electrolytic bath 1 1 is reduced by electrons released from the 
reducing agent 16, so that the titanium is obtained. 
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im&m i ] M D y yfk^^ >jum<tr* yttsts 

#m bT Stt&RX*4 iSft&ip^fr 545 il7c8J*§3 
jib. 

Huis©ig?nrca7E^j*>^tttb?n-5©?(c <t 9 miss 

'*S/5rA» rJ-hUSM* 7;l/5^*i», 2^ *>V 

OBfcfl^fcBfc&BfcOfc&fcffl^SC 

#8? bTg14£BXtiS14&B££fr 6 ^S^tcSiJ*® 
iSU 

SWyte «fc t) MEmR6>Plc&!RLfclMBft*{fc^* 

HWMWICBiU JiM&fcB{fr&W£a7EbT«&B 
Sfc, KWKJ8t*bTEB*nfcHI«Rtf»tti:. AO 

c&Bffc^fc attests* fc, Mian 
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»bTME»«©SHfc:Stt&BXttJStt&«**3tr6 

nstt?fc<fc9. fimejgttttffK&tt?nfeitne&Bfl: 

[5§B/f©I¥lffl&I&B£] 
[000 1] 

[0 00 2] 

m*(»mm mm*T**?ym{m*mftim^ 
&m**z'zm&®m?zH&.. ^t>\&%m{)&*y<o 

Tfgjgb&frofc,, 

[0 0 0 3] 1 9 9 0f£$T*«, KffiftfcfiKSIIGBlC b 
;WS4:ra^W^l/0»ll8Rl8 (5 0 0mass ppm) <D&B 

>*«jg-rs fnn/tri*-*^* f 77 ? 

B&tfHBafftfclSB (T. H. Okabe, T. Oishi. and K. 
Ono, J. A I loys and Compounds, 184(1992), 43-56) „ 

mmmc i±mo& * y^mst b rmmmmtcD? ?y* 

AD^^OBRSK**! Omass ppnCTFS'eft&n 

7cffi©X^kORrflH4^Sf*-p/s: (T. H. Okabe. l/l Na 
kamura, T. Oishi, K. Ono, Met. Trans. B, 24B. June 
(1993). 449-455) „ CO^Stt* S@4C a C 1 2^(0*1 

/i-y^i*'^^ VZkoy^v txtpicf-zyzmu c 

LTmm-tztmK&itmmisr^Zo commit, m 
o^mawwxr zt^viK&tf&v fro 

[0 0 0 4] 

tb. Fray6<OW3Sy/P-yt±, y^ffc^^^Sii7C 
T, Kffcf- *y (T i Oa) !S«*tt<BbTa[SKfeBf- 

fiyzm&tz-fv-bwxMit&M&x^z (o. j. 

Fray. T. W. Farthing. Z. Chen. International Paten 
50 t. WO 99/64638(1999)) 0 $fc. gEft%<Ofi}S^5l7t 
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4K2ooo) 28-3D o u^u <ine.to#&«^*e^ 

&5#v^ *fc, Itffixl^hn*7 (DC- 

esr) zm%Lmiti L fiyfre>mm&m??>zmm. jo 

Wi{t*>»Sf&T:1bZ> (T. Takenaka. T. Suzuki. M. Ishik 
awa. E. Fukasawa. M. Kawakami, Electrochemistry (Th 
e Electrochemical Society of Japan) 67(1999), 661 — 
668) o LfrU mikT'imi&<DFraylZ><Djjm£mm. 

[ooo5] *&wte. ±tm&&ffi<Dfflmmc&&.T 

smfr z nsMmvm&mz&z l < nmmmcm set 
tr-x** ztto&mvmmji&zmm- % c tztBwt vx 

[0 0 0 6] 

^□tXT3&5^D-;|/g{i, TlCh + 2Mg-^T 30 

i + 2 m g c 1 2 VTfiZnz&mmmTx&fozmm 

£nT£fc„ C<0i§£\ S^J&HZKD^^MgC 1 
2 (±^C0T i C 1 *^mn.M<D^i?*~>'}L><D&m%:m 

w?z$>(DtLxw8zt\. ^M^STcSjstcfe^^s 

H. Okabe, and 0. R. Sadoway, J. Materials Researc 

h. vol. 12(1998) 3372-3377) , ^ftlCt^TU, 

tf T i C 1 4 + 4 e"->T i + 4 C I 'JSclfZ Mg-»2M 

(o^HLx-mnu msfcfctvT, Ticu+2Mg 

->T i+2MgC \its;%Kfctr&ft'?%ZLtti l Wt>fr 
B*&m¥£m. 61(1997) 602-609. 610-618) « SO 
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frb/cKJo (EMR : Electronical I yMediated Reactio 

n) *v%:<$m-?tiif, mTimtiEftttfVomwzm 

jlfr*-** S C i: T*£ 5 0 £ 5> »c±fB EMR£d£<fiJ 
[0007] Lfrb&tf?.. i^oifr&^m&T-ffl^s 

±&<D EMR &£:fiJ/B Lfc&Mg&lTC&Srffl i^fttf 
[0 0 0 8] *RIJgfi % ±iao-aoW^F^<D^^r 

mjrmt. >^yyit?-$yxim{t?-?yif£ts?-$ 
yit&mzmntv. z.tit><Qmy\k&fav&7i\,x 
?-f<yttmm-?zjj&T*&r>T, ft&&m<D®Mmz-s 
tsmmm*z\ mmmmm^m^m^xm^mxn 
&&&&&&& ZKzmTtMttmmL, mmmnnrc 

/cMia^ * y{t-&m*W7t ur ^^f#s c i: 

[0009] *nwim%?-zy(Dm&rtmit. ®mm 
nmic£zm&&m<D§mt. mymnvn^t^m 

remits fiyvm&mmTHi, mffi.®&tM&<. £rc* 
z ym&votfmmz: £\z^K>mvk^n^^tt>^t^rc 

it. mffi.®mcDfa±. r*ymmD^<D^wva<D{m 

[ooio] *5%wic%z : ?-?y<D§!m?jmrHi, 
m<D±fch?*ymm<Dm7t>t'&iL ^rc^x-^vrc 

?t1T^5*;l/i") A A5& if<Dge&i<0 
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5*tt© fe T*tt* < , gkftlc <fc TU^&tt© *>© 

fcHiBWPfc*fc«K a^offl^fcfijfflb-^-r^fe© 
coo 1 1] ttzwtcmzrzi/vmmjsmcis 

[0012] ^tc, *&wim%=j-jty<Dmm?jma3 
a> •j-hy^ T;u5-«>A)!)^^fns i9ux±© 

T\ ^•C f 3&S^^>{t-&^©il7c55&^«rli5465c:fc^ 
[0 0 13] *fgB^(c^5^^>oiSjt^^Cfe 

lffl^±©^JSi:, «»3a7BWJ:»)*«ft*WteJt 
&£JBi:©££;£:ffl^3<:i:#T-#£o *^©SUS^r 
iSfctji^-OiaTcSJi: LT©Stt£fl«:iii#:T*ffl^£ £ 
£fcT-f?-5tf, C©J:?&££©^iT*ffi^Tfci6;*$S 

net t% mmmm^(Dmmm&mcis\t^m^^ 

S7cSiJ©St^^fiT?^ }§*T-©*i14«:{g<-r^Cfc 
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[0 0 14] *f£8^(c^^^^y©i3ii^tefci3 

±©&Jg t . MR aSTL^J J: t> *«fl:¥«te*ft&B i: © 
/o [0 0 15] Wz. *58B^{c«SH6^S©S!ji^ffit±. 

aTcaij^sBSL, flfjfasig^n^aTcS'J^e.jKffl^n-s 

7tLT*E£jg£'<f S c fc^&fcf So 
[0 0 16] *«B^{C^®Bt^r^±. 3-ZV\mt> 

Wfc«tt*n, BW©&JH#«fc^i?i5!fc£n&^J:-5 

^ffitckn^ S*6S©^M^^<fc<gBS-rs;ii:^ 
T'#-5.o 

[0 0 17] #tc. #f£W{c^S*«&fI©§«g#j£{c<fc 
30 till. mmMfttlsT, /n7-«>As - 

« ns 1 aj^±^^-tr^jsft-&^ffl^\ a^^Mit^ 

[0 0 18] *^{c^SH6^JS©S5g^ffifi:fc 

^Tt. Siifagis^iifcLT. ft±«^js, 7-;i/*u± 

7;1/#1>&S, S.t;7;l/5-^AA^^ofn« 

C©d^1?€.*;l'i/ , >A, v^>">A, -fhU*>A, 
7;l/5-r>A*^Stfns lfflJ£U:©&J@i^ R, --y 
^t*©ffiMt:¥Wfca7cS'J«}:0ft^:^JRi:©^ 

[0 0 19] #»c, *%B^fC^S«i6^JS©S3tSS«. 

so Hflia^Bft-&^^a7cLT»6^js^i3ifr5^sg 
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U Mf2SB§2ft;fca^JfrSftai2ftS«ytc<fc»K 
£%#®i:LTi,>£o 

[0 0 2 0] *f§B^{c^§iSjfgg«, S14^J||3Z.«S 

«. c<D*M«cJ:!K Bf?i8i*»0}SBHg£®M#8¥LT 
JWIBI8«OflHfca7c»|-e** Bft&BXttStt&JB^ 

[002 1] 

0 1 ic^-f §3itg«^ mm<omm<ommmm i o 

BfiPSSgi Ote»fcSftfc»M«**MMIi§i l fc, 

aism i i to** < t feH*fc»*ftfc*M*©&iRH« 
i 3&if«MBR<oisai 4 «k»i nftaun 
fc2«<D*£©a7ess ammo is, i 5t, m 
mi 4<DM®ttmvw&. -mzwwmi l^asn 

i o fctt*?ftfc&MB 2 o {c <t t» w8?ggg i 
oatfaf^2oortajfc^*i:«H(Wf«nT^*. m 
tests i 4ttWB^a7G«*aa*-*ft*#uwBis 

£2Bn£#M?3J:5£EB£nTt>3. f&BM2 o 
OrtSPtCtis KBiH 2 0a tf&Bflg- 2 0 <DF<3<l|{cgiaj L 
Tf8tt&ftT*5t>> EBf2 0aO«fcif 1 7<D$fc 

«&fct43«£fts «nm«i o &«ns2 0 2:(cBgsn 

■5 2IB # 2 KSKC #M £ ft TV « o c n 6 <D#S>J S ft fc 

sue 3 -5. wmsmi 3« mmtm n2m#X7> 
sirs 2 2^^ft, stcssii sm (H^&ffli) o^ra 

fc> j^mms 1 3 *c«m&$ 1 3 a wm&ztis mm 1 

4 fC{ittS# 1 4 a «<mtStU STC^gg 15, 15C 

ti^ft^ftS^Trtas^jiTc^gg l 5i:&a;*ft/c&fi 

T, Cft6««W 1 3 a, 1 4a> Rftft&ttl 5 a, 
1 Satt. &fflm2 0C0±S^SilLT^g|5^tB^ft 

t*5 0. ta«$ i 3 a 1 4 attztiznmffiw. 
rnvmnmicm^mcmmzn. mmmmi 5 a, 1 

5 a tt^tup ft^gp®^ 19, 19 %ft hxmmm 1 4 



(5) wi 2 0 0 3 - 3 0 6 7 2 5 

i6^Q@i:LTtSHg-rso MtanaPiHi^ 1 9 a, tmi 

ft. 97C$8S1 5 'vfcA'r ww-rsfc 
*<Dt.<0T*fe-5o 

[002 2] ±IEfilfiEOliit^B{c <fc 0 VOBBfi* 
frdKli. S-f, ttftSiSl 1 £ LT> Mit?7*i"> 
jo A, ttfb*;l/^r>A«o**»MUfe»Bffl*«»S« 
1 OtettfT, B&JUiRaSWfCJ&nf&U 7 0 0-1 00 

;b*tjftllv T^Sn^AVftdtrtt^Mv^c^w 
«t«3§?$L<(±, #;l/v">A, v$f*5/*A» 

T£5o 

[0023] 1 1 fcaww&fcasftT^s 

s^Rmfii 3RtfBwii 4(c mmnmi 2*»6««* 

»SLTtt)K?@l lft*«»»r*o RSI 4M 

©«^JSl 1 4>fcgf£^SXt4S1£&S-&^3b^*sa 
tvMI 6^«rta^ft-5 0 *OISn Wffi^ftfeMTC^J 1 6 
#00 * tf v 5/ -7 A Jf»* ■> A*{*: -P* * 

SM?f§l l±k:JWi-r*«« N *HflB^«!<D§a3£gB 
io -Ptts KSl 4^K!3H/uT-Eia^ft/-cPiSl 7fc,fc«? 
SBS* ftfcSjcSiJ 1 4**&WiT«WU K 

mil sfcfttt-rsosfief^^te* 

oTV^So *HSS^fi8T*«±a<0<fc'5{c«»JSl 1<D}§ 
Bl!lfi*«^SLTS7cS«J 1 6 C f: Lfc 

1 6^rEfibTfes<, <i<Dm^tcir±mn<oM7t^m. 

ggl OrtfcjaX"r*«*«!)3S7C»Jl 6fcUTt4, l&±S 

CKD.fc'ptcSTcgiJl 6^i6iBBbT*3t / ^cll^Tfec. 

jgbffi3iE-r5<li:^T-*S<DT% HSSKB<02tR»tt^ 
RTIgT'fe-So jl& ±gaa7C?Wl 6©«BBI^fc, tftjKHfi 

*ft5^<D^*^§4-r«*V fgS£b/-c^f7,ti, ^fx 
0IRS2 2 te««StifeHSy«©0iR»B^BiR*ti* 
i^tc^roTt^o 

[0 0 2 4] &fc, ±tea7t:SiJ 1 6<DS3iS«rfTV\ 

jo ^aTcrsvBft^^fc^etf, «^rsi l^fcas^ 
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fcT ici^ i»^tss#e.n5T i 02t>\ a# 

[0 0 2 5] iljcgggl 5rttC^l 8£&AL 

fc&S>tf, Rttfl 4 Icg^n/itt^ 1 4at @m 
«£W 1 5 a fc^fl-gPlalSg 1 9*^LT«««te«*r 
«. TTSt, S7C?PJl.6A^ttai^n/c:«SitA^ 
14 a, ^SPlslSS 1 9. H&ftSSW 15 a, Rlf'Mjv^ 
Sgl 5*fl-LTI8#l 8^\«if&^nTll^l 8tfji7t2? 

CO 0 2 6] jlr&§8§ 1 5 1 1 

Co 0 2 7] JK±0*««Hh:«*«3SK«*ffl^^* 

CffiHWB) 1 lRtfflffll 4*fl-LT*-*:/lBHl 
8 i: ttfttttcSStft * nfcSTcffJ 1 6 tc <fc t) fx 5 fcJ6, ^ 
*yfleBi 8ELtfjg7E&©£fl^*:/i:, StcSJi 6 k 

^o^M»ttigtt©sir'«jB7cau i 6fflj'N«^te*Tai 
«jk@i i<Djsuig®^i5?fc«fc«S7ca!ii 6<omm 

Ml 6fr5»tti£n-5®?tc«fc£^*>l§M5M 8©S7t 
■f, *2i/<Dm7zfcjZMlz¥£<£?Z®<D-^*mB®l 

Co 02 8] *fc±E*«flaK«*^*>o«BB^r»-e 
ft, m&i 4<Dmmicffiiuzn.rcm&£mxim&&m 

^teZmfifflt Ltffl^tf? yJSSBfciiTC-r* «t d fc 
«fc 5M*4 1 8 OJlTcISi: tt, LTfT^ c t# 



(6) Kf|2 00 3-3 06 7 2 5 

/O 

^<D&f§l*4l 8«:«l&LTS7C*^3<t ■ptc-rn 

tamjMkm&tXnjM t z%i$.icfi * * c 1 1 * 

CO 0 2 9] ±^©H«ScDJg©TH±, *%B^tC^5g|)i 

CO 0 3 0] (SiiSlfiOflfi©^!!) 02l±, *«W»c 

2:H i icTjk-rmmmwvmKz&ii.. m 2 {c^^-sitg 

ttii, m® 1 4 *8i D HtrHKtfRtt- e»nti3^ 

nasai 4o±«sa5fc^as?nTW5i^sii ot?g 

IBS3 0t{cH$n/£:^SI*V ^S2 1 i:^X@lRg 
Ha5»®©Sji^S«, @2(c^-T<fc-5{c, WKiSl 1 

(vmmcim-rzmfcwi B^m^TW^m^w^n 
ftcaj&fsiiTtgiji 6i:tm fflt&mt.m. 

ttlSS 1 1 *T*^<*T'*5 £ t am* b^o *HSS0te 

*ctt»Lfca7SW 1 6 tjiTc^ii i s tutvommc&m 

40 Ulf^^fcft^T**), aTC^Sil 5rt<DH^l 8£ 

tv^*. for, 3i^n^flBogS]ffiSB«:fflt^«fr(c 

CO 0 3 1 ] 
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, m i tc^-tmmmmommn^ 1 otc mmm 1 

kgOiSSMgC l2^m^»§l l£LT8A^ 8 0 
oto-SilfifcG^U iKJStBi^i 2{cit»HSi 3 
fclggBl 4£<QRatCBM£:gStLT}SIiMgC izttmn 

jaui 6^saiiL/co mum i 1 3 

3 0 cm 2 <D^^>S7icgi§l 5£?$»U CKDgggl 
54UC1. 6-3. 9mg/s<D-^jSJST-^fii^5 0 
gOTiC 14®£U SSr^&A^Co <KDf-*>il7G 
§§g 1 5 (4, ttfi¥g8§ 1 0 * OjItuBiJ 1 6 tftf$®& 1 

9atf*HHs onwi) 1 1 *fl"LT*««te«»t*n 

leJ:&«AS*lfcT i C UflGBl 8«^ftii7C?n. 

[0032] mm® 1 ±tar*«Mg c 

ltLTNaCl-50mol%KCK MgClz- 
30mo 1 %NaC 1 -2-mo 1 %KC K LiCl 

-4imoi%Kcif, n*<Dm<tvo%kmmmitm^ 

RXhfc T 1 C 1 *lfim 1 8 OBBT 1 0 0 KflWc? 

[0 0 3 3] ^JtCs S7tSiJi:LTMv^^">AT*{±^: 
<, Mg-18mol%Ag$ft^ Mg-1. 6m 
ol%Ni-7. 4 mo 1 %AgIft^Mffl^ fcHS* 
^rffofco COi^ i§7cS!Jfc LT<D±S»^ttt 

[0034] mmm 2 ) *ic, mmm 2 1 lt, 0 2 
mmtmmm<o^r\ rzymm 8*t i c 12 

®& (7g) . MtzMI 6%&H7)U3.-'trL>&%\ t *tt 
7;l/5-«>2v£-&hU 1 OOOtONaC I'&Mm* 

[0035] mn*T i oz. m7tmz&m*))i 

->*A, C a - N i £&*Cft*T, [5)«<D^^8 0 0 
ICT'C a C 1 2-C a OmM*&(DWm®Zm^T'rt? 

tec ±^-fn<Dm7£M%m^rcm-&ict>, smmi/ 
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Kt>\ mm* tircm7mimffi.mmic * * mi$?fc «t o « 

[0 0 3 6] (HSS0IJ3) Jtf BSISSfiWJ 2 fclSHfOgfiS: 
ffl^-Si: Mftt LTN b2 Os »5g) 

i\ wffifc^tN&ifflaw&s-n^ncac i 2 -c 

aCk CaCh-NaCl 0S$2 5 0g) U Mfc 
ffJ**+l j e ? tl&S#7l'$'9 A, Ca-24mol%-l 
2mol%Ni^ «12g) tLXs 9 0 0tf- 

.TCa-24mo l%-12mol%N i ^^rffll^c 
«£T*&, 7;l/5^ARtf^^;l/OitJgtigftXf§! 

[0037] mmm 4 ) isEmmm 2 1 mm<»mw* 

m^Z££t>fc. KStLTTaC 1 5 (&J5 g) 

20 t\ wM®*mtf£?zmmm*?ti ; etiN a c 1 - 4 5 

mol%KCl-10mol%MgCl2. NaCl- 
40mo 1 %KC l-10mo l%MgCh-l 0m 
o 1 %D y C l 2 }gitt£ (i®2 3 0 g) U ji7tSiJfc 
UT^JSV^>">A^§t>{±Mg— 1 7mo l%Ag 
-6. 8mol%Ni^($!l47g) Srfflt^Ts 8 0 

LTMg — 1 7mo 1 %Ag — 6. 8raol%Ni^ 
[0 0 3 8] 

X h Office «t S Sit3 X h ©fg^^S ^ il £ ^T'^ 

So 

50 [0 0 3 9] ^(C, *%B^fC^5iM&jSOi3it^^«, 
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[0 0 4 0] #IC X *fg^{C«SiW^JScDS/jg^g«, 
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